Background: Dogs with immune-mediated disease often receive glucocorticoids with clopidogrel, but ulcerogenic effects of current protocols are unknown.
| INTRODUCTION
Thromboprophylaxis is standard of care for dogs with immune-mediated hemolytic anemia (IMHA), because of a high incidence of thromboembolic disease in treated dogs. 1, 2 Thromboprophylactic agents used in dogs include antiplatelet drugs and anticoagulant therapies. [3] [4] [5] Advantages of antiplatelet drugs include widespread availability, limited cost, and the ability to achieve therapeutic effects with once daily oral administrationall of which could decrease the risk of owner noncompliance and degradation of the human-animal bond during extended treatment. Antiplatelet effects of aspirin treatment are inconsistent at dosages ≤2 mg/kg q24h, 6 and administration of aspirin at 2 mg/kg q24h with prednisone is associated with markedly higher odds of gastrointestinal bleeding compared to administration of prednisone or a placebo alone. 7 Clopidogrel does not inhibit prostaglandin production but can induce gastritis, gastrointestinal hemorrhage, and ulcers in people. 8, 9 Some studies 8,10 report an equivalent or increased amount of gastrointestinal bleeding in people receiving clopidogrel compared with aspirin, whereas others report a decreased amount of gastrointestinal disease. 11, 12 The purpose of this randomized-controlled double-blinded study was to characterize clinical, clinicopathologic, and endoscopic changes in healthy dogs administered sustained placebo, clopidogrel (2-3 mg/kg q24h), prednisone (2 mg/kg q24h), or clopidogrel with prednisone. Our hypothesis was that sustained administration of clopidogrel, used singly or in combination with prednisone (2 mg/kg q24h), would induce gastrointestinal bleeding, and mucosal lesions would be more numerous for dogs that receive combination treatment than for dogs receiving prednisone alone.
| MATERIALS AND METHODS

| Study population
Sample size calculation was performed based on preliminary data demonstrating a 10 point increase in endoscopic mucosal lesion scores for dogs administered 2 mg/kg q24h prednisone for 28 days. 13 Based on those results and assuming a SD of 4.9, enrollment of 6 dogs per group was calculated to have 85% power to find endoscopic scores of 5 and 15 significantly different with a significance of .05. Thus, 24 healthy dogs from the College's teaching and research colony were enrolled in the study. To avoid confounding from potential age-related differences in gastrointestinal bleeding, healthy dogs were stratified by age before randomization to 1 of 4 groups using a random number sequence generator (https://www.random.org, accessed January 6, 2017). Because gastric biopsies taken from all dogs at the conclusion of baseline were positive for urease-producing bacteria, stratification based on urease status was not necessary.
The study protocol was approved by the Institutional Animal Care and Use Committee at the University of Tennessee, College of Veterinary Medicine (protocol number 2335) in compliance with "The Guide for the Care and Use of Laboratory Animals" in laboratory animal facilities that are AAALAC certified and exceed NIH standards of care.
| Treatment groups
Dogs were randomized to 1 of 4 treatment groups: (1) placebo, (2) clopidogrel (2-3 mg/kg q24h) plus placebo, (3) prednisone (2 mg/kg q24h) plus placebo, and (4) clopidogrel plus prednisone. Dogs in the placebo group received 2 placebo capsules once daily, while dogs in groups 2 and 3 were administered 1 placebo capsule. Commercially available clopidogrel (Mylan Pharmaceuticals, Morgantown, West Virginia) and prednisone tablets (West-Ward Pharmaceuticals Corp., Eatentown, New Jersey) were used. Lactose-containing gelatin capsules (LetCo Medical, Decatur, Alabama) were assembled by the College's pharmacy for use as placebos. All treatments were administered in small meatballs once daily before feeding by an individual blinded to the individual treatments and groups.
| Study periods
The study was broken into acclimation (days −13 to −7), baseline (days −6 to 0), and treatment (days 1-28) periods. During acclimation, dogs were administered fenbendazole (50 mg/kg q24h, PO, days −13 to −9) and ivermectin (200 μg/kg SQ once, day −13). Dogs also received imidacloprid and moxidectin (Advantage Multi for dogs, Bayer HealthCare, LLC, Shawnee Mission, Kansas), dosed per manufacturer's instructions, as part of routine colony prophylaxis.
All dogs received ad libitum water and were fed a commercial kibble once daily in quantities sufficient to maintain ideal body condition.
An observer not associated with the study performed twice daily observations throughout the study (days −13 to 28). The observer was blinded to the treatment groups, medications, and all studyrelated findings. Attitude was characterized as normal or abnormal.
Food intake was recorded to the nearest quartile consumed (0%, 25%, 50%, or 100%). The presence of vomiting, melena, or hematochezia was recorded, and feces were scored using a standard scale. 14 
| Diagnostic testing
Dogs were confirmed to have negative fecal direct smears and fecal flotations (sugar and zinc sulfate) during the acclimation period (days −13 to −11). Clinicopathologic testing was performed at the conclusion of baseline and treatment by a commercial diagnostic laboratory (Antech Diagnostics, Fountain Valley, California). Testing included CBCs, serum biochemical profiles with lipase activity (PrecisionPSL™, Antech Diagnostics), urinalyses, and urine protein : creatinine ratios. Dogs were anesthetized on days 0, 14, and 28 and positioned in left lateral recumbency for performance of gastrointestinal endoscopy. Dogs were premedicated with acepromazine (.02 mg/kg SQ) and butorphanol (.4 mg/kg SQ), had IV catheters placed, and then were induced using propofol (3-6 mg/kg IV to effect). After induction, dogs were intubated and isoflurane administered in oxygen was used to maintain general anesthesia. Crystalloid fluids were administered at a rate of 10 mL/kg/h IV. Heart rate, respiratory rate, pulse oximetry, end-tidal carbon dioxide, systolic blood pressure (indirect Doppler flow technique), and temperature were monitored and recorded every 5 minutes throughout anesthesia.
A single individual (Jacqueline C. Whittemore), blinded to each dog's treatment group, performed endoscopic exploration using a standardized technique to avoid creation of iatrogenic lesions. 15, 16 Briefly, continuous visual guidance was used to evaluate the upper esophageal sphincter through the duodenum. Within the stomach, the gastric body, antrum/pylorus, angularis incisura, and cardia were individually interrogated before pyloric intubation for duodenal evaluation. Endoscopic explorations were recorded using a digital capture system, with still images collected of the lower esophageal sphincter, gastric body, angularis incisura, antrum and pylorus, cardia, and duodenum. Supplementary images of focal abnormalities also were collected. Endoscopic evaluations were anonymized after data collection to blind investigators to dog, treatment group, and timepoint. Gastric biopsies were taken on day 0 and incubated in urease media to assess for the presence of potential Helicobacter spp.
| Endoscopic scoring system
Two investigators (John Thomason, Jacqueline C. Whittemore) independently evaluated each endoscopic study and numerated mucosal lesions as per previous reports. 7, 16, 17 Briefly, hemorrhages were defined as reddened areas with intact mucosa. Pinhead-sized discontinuations in the mucosa were classified as punctate erosions, while larger breaches and those with detectable depth were classified as invasive erosions. Lesions with wide defects and craterous centers were classified as ulcers. Lesions were numerated by gastrointestinal region (esophagus, gastric body, pyloric antrum, angularis incisura, cardia, and duodenum). If >25 lesions were identified in a region, lesions were recorded as 26-50, 51-100, 100-200, or >200 to avoid erroneous quantitation. For statistical analysis, scores >25 but ≤200 were entered according to the midpoint of the categorical range. Scores >200 were entered as 201 for statistical analysis.
Anonymized endoscopic evaluations were independently scored approximately 10 months after completion of data collection. After datasheets from the individual investigators were merged, the combined database was reviewed for areas of discordance. Each investigator independently reevaluated studies with discordant scores and corrected any self-identified errors in scoring or data entry. The mean of lesion counts numerated by the 2 investigators was used for analyses. Total gastric mucosal endoscopic lesion scores were calculated using the Forsyth scoring system. 17 
| Statistical and data analysis
Descriptive statistics were generated for relevant clinical, clinicopathologic, and endoscopic parameters. Results then were analyzed for normality using the Shapiro-Wilk test and for the presence of outliers using box-and-whisker plots. For each study period, mean food intake, days of vomiting, and mean fecal score were determined. Clinicopathologic 
| Study population
Baseline demographics for the 4 treatment groups are summarized in Table 1 . There was no difference in body condition score among groups over time. All but 2 dogs had a muscle condition score (MCS) of 3 at all timepoints. One dog each in placebo and prednisone groups had a MCS of 3 at baseline but 2 on day 28. Attitude was categorized as normal on all days for all dogs. Food intake increased significantly over time (P = .01) but did not differ among groups. No dog developed vomiting, diarrhea, melena, or hematochezia during the study. Fecal score did not differ among groups over time.
| Clinicopathologic data
Selected baseline and posttreatment clinicopathologic results are presented in Table 2 . Hematocrit, MCV, MCHC, and platelet count were within the reference intervals (RI) at all timepoints for all but 2 dogs.
One dog in the placebo group had a platelet count just below the reference interval (167 000 platelets/μL; RI 170 000-400 000 platelets/μL) at baseline, but platelet clumping was noted on manual slide evaluation.
Repeat automated and manual evaluation performed the next day was within normal limits. One dog in the prednisone/clopidogrel group had mild thrombocytopenia (136 000 platelets/μL) on day 28. This dog had >200 hemorrhages and >100 erosions noted in the stomach on the same day.
Biochemical analytes also were within reference intervals at both timepoints for the majority of dogs. Rank transformation was required before analysis of ALP and GGT activity, creatinine concentration, and urine protein : creatinine ratio.
Significant time effects and treatment-by-time interactions were noted for activities of ALP (P ≤ .001 for each) and lipase (P = .010 for each). Posthoc analysis confirmed these were because of significant increases over time in the prednisone-receiving groups (P ≤ .008 for each). Similarly, significant treatment (P < .001) and time effects (P = .003) were identified for GGT activity because of increased activities in the prednisone-receiving groups, although the treatment-by-time interactions were not significant. Amylase activity decreased significantly over time Gastric biopsies taken at baseline from all dogs were positive for urease-producing bacteria.
| Endoscopy
Median (range) numbers for individual mucosal lesions in the stomach are summarized in Table 3 . Ulceration only was identified on 7 studies, precluded quantitative analysis. Logarithmic transformation was required to meet assumptions for mixed model analysis of mucosal hemorrhages, punctate erosions, and invasive erosions.
Total mucosal hemorrhages did not differ significantly by treatment, time, or treatment-by-time. Significant treatment-by-time (P = .011), treatment (P = .005), and time (P < .001) interactions were identified for gastric punctate erosions. Posthoc analysis revealed that differences were attributable to higher scores during treatment for dogs administered prednisone (P = .001) and prednisone/clopidogrel (P = .010) when compared to placebo on day 14. On day 28, differences were attributable to higher scores during treatment for dogs administered prednisone and prednisone/clopidogrel groups when compared to both placebo and clopidogrel (P ≤ .018 for each). Total invasive erosions increased significantly among treatment groups (P = .014) and over time (P < .001), because of higher scores for dogs in the prednisone-receiving groups during treatment (P ≤ .024 for each). Invasive erosions were most numerous on day 14, although scores on day 28 also were significantly T A B L E 1 Baseline demographics of dogs stratified by age then randomized to receive placebo, clopidogrel with placebo, prednisone with placebo, or combination prednisone and clopidogrel for 28 days higher than at baseline. Both punctuate and invasive erosions were often marked and multifocal (Figure 1 ), although primarily concentrated in the antrum. Ulceration was noted in 7 dogs over the course of the study ( F I G U R E 3 Box and whisker plots of total endoscopic mucosal lesion scores for 24 healthy dogs randomized to receive placebo, clopidogrel with placebo, prednisone with placebo, or prednisone and clopidogrel for 28 days. Open squares and closed triangles = outliers. Total gastric endoscopic mucosal lesion scores differed significantly by treatment group and time (P < .001 for each), but not by group-bytime. Posthoc analysis revealed significantly higher lesion scores in the prednisone-receiving groups (P ≤ .006 for each) and on day 14 (P ≤ .007 for each) bleeding. One duodenal hemorrhage was noted on 1 endoscopic study each for 2 dogs.
Total gastric endoscopic mucosal lesion scores are presented in Endoscopic mucosal lesion scores ≥4 were present on 33 studies, after hemorrhages were excluded from scoring, and differed significantly among treatment groups (P = .015) and over time (P = .018).
Odds of having endoscopic mucosal lesion scores ≥4 were 7-times higher for dogs in prednisone (95% CI 1.1, 43.0; P = .037) and
prednisone-clopidogrel (95% CI 1.1, 43.4; P = .037) groups than the placebo group. In contrast, dogs receiving clopidogrel were not more likely to have mucosal lesion scores ≥4 than dogs administered placebo. Sustained glucocorticoid excess causes gastrointestinal bleeding through inhibition of endogenous peroxidase, which causes free radical damage, decreased synthesis of prostaglandins, hyperacidity, and altered vascular permeability. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Consistent with prior reports, 7, 19, 20, 31, 32 we identified a significant and marked increased in gastrointestinal bleeding in healthy dogs administered sustained glucocorticoid treatment. Results of this report conflict only with those of 1 study of sustained oral prednisone administration. 16 The reason for disparity between that study and others, particularly this study and another 1 of similar design, 7 is unknown. All 3 were randomized trials evaluating the gastrointestinal effects of prednisone, administered at the same dosage and for the same duration, with or without an antiplatelet medication in healthy research dogs positive on gastric biopsy for urease-producing bacteria. Based on careful review of the methodology, the only identified difference was the use of younger study subjects (median age, 14 months; range, 12-24 months) and compounded medications in the discordant study. 16 Age was not identified as a covariate for bleeding in this or the other prior study, 7 but a type 2 error cannot be ruled out given small sample sizes and the stratification of dogs by age before group randomization.
| DISCUSSION
Clinicopathologic changes identified in this study were largely consistent those from 1 prior report. 7 Specifically, prednisone administration significantly increased lipase, ALP, and GGT activity-resulting in insult. 17, 18, 37, 38 In contrast, gastrointestinal bleeding in patients administered clopidogrel is believed to result from decreased platelet-mediated angiogenesis at sites of preexisting damage and decreased release of platelet-derived growth factors involved in gastrointestinal mucosal healing. 39, 40 Some studies 8,10 report an equivalent or increased amount of gastrointestinal disease in people receiving clopidogrel compared with aspirin, while others report a decreased amount of gastrointestinal disease. 11, 12 Gastrointestinal bleeding occurs commonly in healthy dogs administered anti-inflammatory dosages of aspirin. 17, 18, 37 More recently, administration of aspirin at the currently recommended antiplatelet dosage (2 mg/kg q24h) was shown to induce gastrointestinal erosions and ulceration in healthy dogs. 7 Lesions were most severe 14 days after initiation of treatment, but ongoing damage was identified on day 28. Further, coadministration of aspirin with prednisone more than doubled the odds of having an endoscopic mucosal lesion score ≥4 compared to receipt of prednisone alone. 7 In contrast, clopidogrel administration was not associated with gastrointestinal bleeding in this study, and gastrointestinal bleeding scores did not differ between dogs administered prednisone alone versus combination prednisone/ clopidogrel treatment. These findings support current recommendations to prioritize use of clopidogrel over aspirin for management of canine IMHA. 1 Anticoagulants are believed to induce gastrointestinal bleeding through direct anticoagulant effects at sites of prior damage or sensitivity, 41,42 a similar mechanism of action to clopidogrel. However, bleeding risk varies dramatically among heparin and direct oral anticoagulants, [41] [42] [43] [44] [45] [46] potentially suggesting additional etiopathogenic factors. In people, anticoagulants are associated with similar or higher rates of adverse events than antiplatelet drugs. 35, 36, 47, 48 The incidence of gastrointestinal bleeding in dogs administered anticoagulants is unknown, and results of this study should not be extrapolated to their use.
Although biopsies were collected at baseline for determination of the presence of urease-producing bacteria, we consider the impact of biopsy-induced ulcers on the results of the study low. Neither lesion scores nor the number of punctate or invasive erosions differed significant among time points for dogs in the placebo group. The median numbers of punctate and invasive erosions identified in dogs in the prednisone-receiving groups on days 14 and 28 were markedly greater than the number of biopsies taken. Lesions also were predominantly located in the antrum, inconsistent with the sampling protocol. Finally, new lesions were identified on day 28 in a number of dogs. These findings all suggest ongoing damage in dogs administered prednisone, versus delayed healing of prior biopsy sites, and are consistent with prednisone's previously described ulcerogenic effects. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] This study had some additional limitations. Dogs enrolled in the study were all of moderate size with prednisone dosed on a milligrams per kilogram basis. Depending on whether a mass exponent of 0.67 or 0.71 is used for body surface area conversion, 49 scores significantly decreased between 14 and 28 days. It is possible that prednisone-induced gastrointestinal damage resolves with long-term treatment, although this seems unlikely given identification of new lesions, including ulcers, in several dogs on day 28. The clinical relevance of these lesions currently is unclear. Although gastrointestinal lesions were marked in dogs in prednisone-receiving groups, hematocrit did not significantly change over time and no dog developed anemia. Conversely, hematocrit significantly decreased in dogs administered steroids that developed gastrointestinal bleeding in 2 prior studies. 7, 31 Quantitation of absolute reticulocyte counts might have added in detection of compensated blood loss, but it unfortunately was not performed. Similarly, fecal occult blood testing might have provided some insight into the minimum quantity of blood lost in dogs of this study, but it was not performed because of limitations in the accuracy of currently available tests. 50 Although hypotension was not identified in any dog, continuous direct arterial blood pressure measurement was not performed. If hypotension occurred but was not recorded, it would have been transient because indirect measurements were collected every 5 minutes and, thus, unlikely to have meaningfully affected results of the study.
In spite of a moderate initial response rate, IMHA continues to have a high mortality rate. 1 Immediate initiation of prednisone treatment remains the cornerstone of treatment. 1 Our study confirmed prior findings that sustained oral prednisone administration is ulcerogenic in healthy dogs 7 Further evaluation in dogs with naturally occurring hypercoagulability and immune-mediated disease is necessary to confirm these findings and clarify their impact on disease management, thromboembolic risk, and long-term survival.
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